Abstract
and simple proxy measure of fertilisation success. Our results confirm that motile sperm (but 23 not immotile sperm) actively accumulate at surfaces and that the pattern of accumulation 24 reflects fertilisation success in the model oyster species Crassostrea gigas. Furthermore, we 25 confirm these patterns of SAAS for another marine species, the polychaete Galeolaria 26 caespitosa, as well as for a freshwater species, the fish Gasterosteus aculeatus. For all 27 species considered, SAAS reflected changes in sperm performance caused by experimentally 28 manipulated differences in water quality (here, salinity). These findings indicate that SAAS 29 could be applied easily to a range of species when examining the effects of water quality.
30
Measurement of SAAS could, therefore, form the basis of a rapid and reliable assay for 31 bioassessments of broadcast spawning aquatic organisms.
Introduction

38
Developing bioassays to assess the effects of environmental conditions on organisms is a 39 focus of many scientific disciplines including aquaculture (Kime et require little in the way of microscopy equipment they are also subjective and observer bias 60 can markedly influence the results (Dunphy et al. 1989 the number of sperm that had accumulated at the lower surface of the well counted manually.
129
This procedure was repeated for sperm that had been warmed to ~50°C for 5 minutes, after batches were adjusted such that eggs were fertilised with 5 × 10 8 sperm ml -1 (this 159 concentration yields ~ 90 % fertilisation success in 1 h old gametes; Havenhand pers. obs.).
160
Gametes were left to fertilise for 12 min after which time fertilisations were halted by Sperm were extracted from the oyster C. gigas following the procedure described above. To 
223
The slope of a model I regression through these data showed that fertilisation success 224 increased by 15.84 % for every 100 sperm accumulated. were substantially (and always significantly) greater than the dead sperm controls.
226
Sperm Accumulated Against Surface (SAAS) as an indicator of the responses of
235
Comparing the SAAS of dead sperm across species revealed that the greatest accumulation 236 occurred for the polychaete (mean SAAS ± SE, 35 ± 2 after 540s) with intermediate 
253
The third requirement was that the bioassay could be applied to diverse species, which we 254 met by successfully measuring SAAS in a range of marine and aquatic organisms (a marine 255 bivalve, a marine polychaete, and a freshwater fish). Finally, the fourth requirement was 256 sensitivity of SAAS to environmental variables. Our finding that SAAS did indeed change 257 gradually and dependably with increasing salinity (Figure 3) that we observed shows this metric is almost exclusively measuring active sperm (Figure 1 ).
269
The mechanism underlying differences between accumulation rates of live and dead sperm Crassostrea gigas and polychaete Galeolaria caespitosa), as well as a euryhaline organism
304
(the freshwater fish Gasterosteus aculeatus) (Figures 3a, b, c respectively) .
306
To be useful, bioassays need to be able to detect and measure the influence of modified The potential benefits of using SAAS as a rapid, high-precision bioassay are considerable.
334
We were able to detect differences between motile and immotile sperm just 20 seconds after 335 transferring sperm-rich solutions to measuring wells, and extending the duration to nine 336 minutes amplified this difference (Figure 1) . Furthermore, the precision of this measure was 337 such that the effects of even relatively slight changes in environmental conditions (5 PSU)
338
were readily detectable (Figure 3 
